Biological functions like health, reproduction or the performance of specific behavior programs change over time. Therefore, their actual significance can only be understood fully if their history or development is well known. This point is illustrated with respect to behavior patterns in farm animals. Early life or ontogenetic processes strongly determine (sub)aduk behavior. Prepuce suckling performed by group-housed veal calves during the age of 2 to 8 wk depends on sucking experience of the same calves during their first week of life. Restless behavior of fattening pigs is largely determined by rearing conditions in the first weeks of life. Disturbed behaviors like stereotypies develop out of conflict behaviors (biting, escape, etc.), as is the case in tethered sows. These stereotypies appear to promote the release of endorphins. In veal calves, different stereotypies (biting or licking the crate and tongue playing) develop during different periods of time and probably are related to different sorts of conflicts experienced by the developing calf. Tongue playing shows a specific relationship with abomasal ulcers. In veal calves, individual coping differences are observed that strongly parallel those described in other vertebrates (rats, dogs, men). (Key Words: Ontogeny, Behavior, Calves, Sows, Endorphins.)
I ntroduction
Gradually there is greater recognition that in order to optimize (re)production of farm animals, we should not only be technological experts but also biological ones. In spite of a long history of domestication, farm animals still do not adapt to each housing design equally well. In fact, there is a strong suspicion that at least some modern husbandry systems have a causal relationship with relatively high losses of animals, with decreased reproductive capacities and(or) with the occurrence of disturbed and often injurious behaviors (Moss, 1980; Sybesma, 1980; Bessei, 1982; Baxter et al., 1983 ; Smidt, 1983 ; Signoret, 1985 ; Wiepkema and van Adrichem, 1987) .
There is good evidence that intensive stress negatively influences highly relevant aspects of biolocal functions like health, metabolism and growth, reproduction and the performance of abnormal behavior. A typical characteristic of these functions is that they all change over time. A full understanding of the biological and practical significance of a given health problem, of a reduced reproduction rate or of the occurrence of some injurious behavior, is possible if, and only if, we understand the complete history of each of these phenomena.
In the following, I shall illustrate this point for two categories of development of behavior. The first category refers to the relevance of early ontogenetic events for adult behavior and, therefore, for husbandry designs serving these adults. The second category pertains to behavioral changes with a shorter time base. These changes will be described and discussed for the development of disturbed behaviors like stereotypies in young and adult mammals. 
Ontogenetic Processes
Before reaching their adult phase, organisms go through a multitude of developmental stages; for example, the phases of neurulation, organogenesis, morphogenesis or the postnatal play period (Oppenheimer, 1980; Barnett, 1981) . Since during these stages specific developmental steps take place, these steps are 1220 J. Anita. Sci. 1987.65:1220-1227 maximally sensitive to environmental events, (for example, inductors, disturbing incidents, activities of conspecifics) during restricted periods of time. In rats, androgens exert an organizational influence upon the brain and adult social behavior only during a short (days) perinatal period (Leshner, 1978) . Likewise adult cats are able to distinguish vertical (or horizontal) lines only if they have perceived such lines at the age of 3 to 14 wk (optimum 4 to 7 wk; Blakemore, 1974) . In this period the relevant ceils of the visual cortex develop and become "wired in". Another example is the dramatic effect of the rubella virus on vision. This pathogen may lead to life-long blindness if the mother had been infected during the first 3 mo of pregnancy. The virus injures the eye during the stage in which the lens is still open (Oppenheimer, 1980) . Finally, all social animals probably have a socialization period during which they learn which organisms are to be considered as conspecifics. For dogs this period coincides with the age of 3 to 12 wk, with an optimum from 5 to 8 wk (Scott, 1962) . This phenomenon underlies domestication.
Numerous examples demonstrate that in early childhood (pre-and postnatal) events occur that deeply influence further development and, by this, adult characteristics and capabilities. This is also true for farm animals, as has been demonstrated by Hemsworth and his colleagues (Hemsworth et al., 1977 (Hemsworth et al., , 1982 (Hemsworth et al., , 1986 for pigs, and by Appleby and McRae (1984) for laying hens. Two examples of research in our own team may illustrate a similar point for calves, fattening pigs and breeding sows. These data are of relevance for the appropriate design of husbandry systems.
Prepuce Sucking in Veal Calves. In The
Netherlands most veal calves are kept separately in boxes (1 m high, .60 to .65 m wide) and bucket-fed with a milk replacer; roughage is not available. The size of these boxes hinders normal standing up, lying down, and resting, especially when the calves become older and larger (van Putten and Elshof, 1982; de Wilt, 1985) . Moreover, the boxes prevent the development of social behavior. For this reason there is a public feeling that veal calves should be kept in groups when economically feasible. De Wilt (1985) demonstrated that group housing of veal calves (groups of five calves) is practical. At the present time, such group housing of veal calves is gradually coming into use in Dutch farms.
However, group housing involves at least one serious drawback: the bucket-fed calves have a strong tendency to suck the body parts of their penmates (Scheurmann, 1974; Mees and Metz, 1984) . This sucking may change into prepuce sucking, and its sequel, urine sucking and drinking. However, not all calves develop these behaviors. Why?
To answer this question de Wilt (1985) decided to follow the behavioral development of individual calves (Dutch-Friesian) housed in groups of five animals. All bucket-fed calves had a strong tendency to suck at each other or at physical objects in the pen. This sucking started in the second week after arrival at the veal calf farm and was directed mainly at mouth, scrotum, legs or ears of penmates; the precise pattern differed from individual to individual. In some calves this type of sucking was maintained until the age of 8 wk. In a substantial number of animals, however, this sucking changed into prepuce sucking (figure 1). This latter form of sucking was also maintained until about the age of 8 wk.
A first important conclusion is that calves have only a temporary tendency to suck inappropriate objects. To prevent injurious sucking (prepuce sucking and urine drinking) a practical measure is to tether group-housed calves during the age of 2 to 8 wk. There is a period of about 6 wk during which bucket-fed calves look for objects to suck. Although the prepuce of a congener appears to be a preferred object to suck, not all calves develop prepuce sucking and urine drinking. De Wilt (1985) discovered that sucking and drinking experience during the the first days of life had great influence on whether or not a calf will become a prepuce sucker. He recorded sucking behavior of 97 group-housed veal calves that were bucket-fed during the age period 2 to 8 wk. These calves were identifiable with respect to their suckling or drinking experience in their first week of life. As shown in table 1, nearly half of the calves fed with open buckets, in their first week became prepuce suckers, whereas none of the teat bucket-fed calves did so. To our surprise, a substantial number of calves fed by their own mother also became prepuce suckers.
Obviously early experience with a teat bucket may practically prevent later prepuce sucking. Although the exact explanation cannot yet be given, presumably imprinting processes play a prominent role. Calves with teat-bucket experience (first week) may be iml0rinted on a bucket, while calves with an open-bucket experience (first week) may have a prolonged period of searching for something appropriate to suck from. Such prolonged periods of imprinting occur when nothing is present that has any similarity with the natural target object (Bateson, 1985) . Calves suckled by their dam may strongly be imprinted on something suckable underneath a congener and thus may be prone to become a prepuce sucker. In summary, in order to reduce the occurrence of prepuce suckers in group-housed veal calves, one should feed such calves with teat buckets during their first days of life. (pigs) or when being a sow. Schouten (1986) described in detail and compared behavior patterns of piglets growing up in either a strawless farrowing crate (2 x 2 m 2) with a tethered sow or in a large pen (28 m 2) containing straw with a free-moving sow. All piglets were weaned at the age of 6 wk. In the farrowing crate the piglets disturbed the sow much more than in the pen with straw, and they did so by performing much massaging and nibbling at the sow (Ladewig et al., 1984; Schouten 1986 ). Restless behavior like standing and sitting of the piglets was highest in the strawless crate. As such this finding is not surprising. However, the relevant point is that this behavioral difference between straw-and strawlessreared piglets was maintained during the whole subsequent fattening period (figure 2). For all pigs, this fattening took place in similar strawless, slatted floors. Obviously restless behavior originating and performed in the piglet phase has an after-effect visible during the whole fattening phase. Therefore, to reduce restlessness of fattening pigs one should provide piglets with straw. In this context it might be worthwhile remembering a finding of Koomans (1981) ; he found that in the fattening period the growth rate of pigs (housed indoors on slatted or partially slatted floors) was higher for those animals that were reared in straw-bedded, open-front houses as compared with pigs reared in flatdeck houses.
Fattening Pigs and Breeding
A second salient point of pig behavior described by Lammers and Schouten (1986) and Schouten (1986) is that during the second and third week of life piglets not only show an increase of agonistic behavior, but that during this period they also learn how to fight with each other and especially how to solve priority problems by means of threatening. These agonistic interactions differ from those observed during the first hours after birth (Hartsock and Graves, 1976; Scheel et al., 1977) in that they take place everywhere in the pen; they are in no way related to defending a special place at the udder, as is the case at the first day of life. These expressions of agonistic behavior comprise elements like head knocks and biting (head knocks imply horizontal or vertical knocks with the head or forward thrusts with the snout towards another piglet). In large pens these first patterns change into head knocks at the front parts of littermates, biting becomes rate, while standing in front (a threat posture) becomes prominent. These changes do not, or at least seldom, occur in piglets growing up in the small pens; head knocks with biting remain frequent, they are also directed at the back and anogenital region of a littermate and, finally standing in front does not develop. This difference in agonistic behavior is still present when the pigs are 10 wk old and live in a much larger pen. In fact we have good evidence that this behavioral difference has a permanent character. Lammers and Schouten (1986) explain this early pen size effect in the following way. In small cages piglets failed to learn to retire or to flee when being knocked or bitten, simply because they had no room to do so. Such animals fail to learn how to react when being attacked and, moreover, they also do not learn the effects of their own aggressive actions. This lack of behavioral learning delays and probably prevents the development of normal adult agonistic behaviors. The absence of the capability to perform threatening postures and to react adequately to such postures is possibly a main cause of long-lasting fights, often seen among pregnant sows when grouped anew. Sows with a normal adult agonistic repertoire have much shorter fights; in these interactions threatening postures play a crucial role. We are investigating what the minimum size of a farrowing pen should be in order to guarantee the development of normal adult social behavior. This topic is of great practical significance because in The Netherlands the system of tethering pregnant sows will probably be replaced by group-housing systems. Because it is important to minimize agonistic behavior in this latter system, early life conditions of these sows may be very important.
Development of Disturbed Behavior
In a recent report of the Commission of the European Communities (Wiepkema et al., 1983) an overview is given of disturbed behaviors observed in farm animals. The most important categories of such behaviors are 1) injurious behaviors and 2) stereotypies. Tail biting in pigs, feather pecking in hens and urine drinking in group-housed veal calves belong to the first category. By performing these behaviors animals may injure themselves or congeners. The second category of stereotypies includes activities like bar biting of tethered sows, pacing of laying hens and tongue playing of veal calves. I shall not deal at great length with the injurious behaviors and their undesirability, but focus on the biological significance of stereotypies. Behavioral elements that have a very constant form, that are repeated over and again, (may) differ from individual to individual and that seem to have no function are called stereotypies. Especially the last criterion--seemingly no function-differentiates stereotypies from stereotyped behaviors or habits. We started our research on stereotypies with the simple question: "How stereotypic are stereotypies?". Analyzing the behavior of tethered sows we found that stereotypies differed from sow to sow. Also, within the same sow, stereotypies were not entirely constant (Cronin and Wiepkema, 1984) . A similar finding was reported by Stolba et al. (1983) . This led us to investigate how stereotypies changed over time, or how they developed. To do so, Cronin (1985) followed in much detail nine sows to determine the way in which their stereotypic behaviors developed after being tethered. He found that tethering evoked conflict behavior (like redirected biting, pushing and others). Over time these behaviors ritualized and changed into disturbed behaviors (stereotypies). Although the intensity and time base of these changes differed from sow to sow, all animals went through a similar pattern of development. Cronin distinguished four developmental stages. Stage 1 had a median duration of 45 rain and was characterized by many aggressive and escape acts. In stage 2, median duration of 1 d, immobility (exhaustion) was the dominating feature. In stage 3, median duration of 15.7 d, the sows again tried to escape from restraint, but in doing so they started to repeat parts of their conflict behavior (like pulling the chair or biting a bar). These behaviors were repeated over and over, and became ritualized in stage 4. This ritualization implied that the original pattern lost its flexibility and was simplified; simultaneously its performance became less vigorous. For instance, intensive biting, gnawing and pulling the bar might change into stereotyped nibbling at the same bar. Finally, these object-directed stereotypies may even be loosened from external objects and change into the so-called sham behaviors like sham chewing. These stereotypies may be performed many hours a day (figure 3) and, in this respect, strongly differed from those described by Rushen 1985) , who focussed on stereotypies associated with the two daily feeding periods. Both types of stereotypies presumably have a different etiology. Cronin concluded that in his tethered sows stereotypies arise from intensive conflict behaviors of animals that find themselves permanently confined by a tether. In all likelihood the initial intensive conflict behaviors observed in stages 1 to 3 reflect a state of severe Stress. A next step in the analysis was the finding that the stereotypies of our sows were sensitive to naloxone, a specific opioid antagonist (Cronin et al., 1986) . Since this drug had no remarkable effect on the performance of exploratory behavior of free-moving pigs, we concluded that in some way or another stereotypies of tethered sows had become associated with endorphins. Because endorphins may reduce negative emotions (Lewis et al., 1981) and pain (Watkins and Mayer, 1982) A second example of stereotypies is found in veal calves when kept separately in boxes and bucket-fed on milk replacer only (no addition of roughage). Under sucb conditions veal calves develop stereotypies including biting or licking specific parts of their crate and tongue playing (de Wilt, 1985) . Biting or licking dominates during the first 10 wk of life; tongue playing develops during the second week . Since different stereotypies may reflect different conflicts (Keiper, 1969) , it is fully possible that the two successive stereotypies of veal calves (biting or licking and tongue playing) refer to different conflicts occurring successively in the developing calf.
In other words, it may be that calves develop a number of demands that have to be fulfilled in different periods of time. A first example of such demands may be the need to suck milk instead of drinking it. As we saw before, this need appears to be restricted to the first 8 wk of life. A second example may be the need to develop ruminating and its associated gastrointestinal changes. This need may become operative somewhat later than the first one mentioned. Further, the need to develop social behavior (social play) may culminate in still another period of time. If such needs cannot be fulfilled, it is not surprising that different stereotypies may show different distributions over time.
An interesting, and until recently largely unexplained, phenomenon is that those animals that develop tongue playing (not all animals do so) have no, or pracically no, abomasal ulcers or scars in the pyloric region at the date of slaughtering (age of about 22 wk). Ulcers or scars only occur in calves that do not develop tongue playing (figure 4). Such a relationship does not exist between biting or licking and abomasal ulcers or scars . This underlines the different characteristics of biting or licking and tongue playing. It is worthwhile to mention that the performance of tongue playing has no relationship with the occurrence of abomasal erosions, which is another type of abomasal damage. This indicates that tongue playing and pyloric ulcers (scars) share some specific common factor. Until recently the underlying commonality was unknown. However, we may assume that tongue playing, being a ritualized form of food grasping (Sambraus, 1985) , and pyloric ulcers or scars, being the result of overloading abomasum and duodenum with food (Degen, 1982) , both belong to the calf's food digesting system. Now the question arises: how do different steps of the food intake program regulate itake itself and the performance of successive steps during feed processing and, by this, satiety? Investigators on this point have demonstrated that, e.g., oral sensations may indeed play a crucial role in the regulations of food intake and, therefore, of satiety (Toates, 1986) .
A final point is that obviously not all calves develop tongue playing. This suggests the existence of large differences in the way individual calves cope with apparently the same stressors. Such a phenomenon has also been described for rats (Koolhaas et al., 1985) , dogs (Corson and Corson, 1976) and men (Miller, 1980) . Individual differences are of great significance in all the research directed at the question of how organisms of the same strain, age and sex adapt to stressful and often extreme conditions. If some calves cope with tongue playing and have no pyloric ulcers, and others do the reverse, then the question forces itself why there should be two options. Such individual differences may also be relevant with respect to future selection schedules aimed at reducing stress in farm animals.
